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ABSTRACT 


The  tensile,  compressive,  shear,  bearing,  fracture- 
toughness,  axial-stress  fatigue,  resistance  to  stress-corrosion 
cracking  and  fatigue-crack  propagation  rates  have  been  deter¬ 
mined  for  a  total  of  40  lots  of  2014-T652,  2024-1052,  7075- 
17552  and  7079-T652  stress-relieved  aluminum  alloy  hand 
forgings  ranging  in  thickness  from  2  through  6  in. 

Tables  of  computed  design  mechanical  properties  and 
typical  and  minimum  stress-strain  and  compressive  tangent- 
modulus  curves  were  prepared. 

Average  values  of  plane- 3trein  stress-intensity 
factor,  Kpc,  at  5  per  cent  secant  offset  were  determined. 

Log-mean  fatigue-life  values  were  calculated. 

The  forgings  of  ell  four  alloys  have  a  high  resist¬ 
ance  to  exfoliation  and  a  high  resistance  to  stress-corrosion 
cracking  when  stressed  in  the  longitudinal  direction  relative 
to  the  grain  flow  pattern.  In  the  long  and  short- transverse 
test  directions,  the  resistance  to  SCO  varied  markedly  with 
respect  to  alloy  end  temper,  with  7075-T7552  being  outstanding, 
2024-T852  rating  second,  and  2014-T652  or  7079-1^52  rating 
third. 


The  rate  of  fatigue  crack  propagation  was  found  to 
vary  with  the  seven  orientations  tested  and  to  be  substantially 
faster  in  a  humid  atmosphere  than  in  a  dry  atmosphere.  For 
tests  in  a  salt  fog  atmosphere  it  was  demonstrated  that  a 
slower  rate  of  loading  caused  a  faster  rate  of  propagation  per 
cycle.  At  the  lower  stress  intensifies  the  alloys  rate  in  the 
following  decreasing  order  of  resistance  to  crack  propagation: 
2014-T652,  2024-T852,  7075-17552  ena  7079-T652. 


Key  Words:  2014,  2024,  7075,  7079,  aluminum,  hand  forgings, 
tensile,  compressive,  3hear,  bearing,  fracture- 
toughness,  fatigue,  stress-corrosion,  exfoliation, 
crack  propagation,  stress -relieved. 
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SECTION  I 


INTRODUCTION 


The  design  mechanical  properties,  fracture  toughness, 
corrosion  characteristics  and  fatigue-crack  propagation  rates 
are  four  of  the  most  important  factors  involved  in  the  selection 
of  materials  and  efficient  design  of  aerospace  structures.  The 
importance  of  these  characteristics  has  been  emphasized  by  the 
extensive  investigations  made  in  recent  years  to  obtain  such 
information  for  aluminum  alloy  plate  and  extrusions  (1-4).  It 
Is  particularly  timely  that  similar  data  be  developed  for 
aluminum  alloy  hand  forgings  since  (a)  much  of  the  published 
design  data  has  become  obsolete  by  a  change  in  the  basis  of 
specifying  minimum  tensile  properties,  from  one  in  which  the 
length,  width,  thickness  and  cross-sectional  area  were  considered, 
to  one  where  only  the  thickness  and  cross-sectional  area  are 
involved;  (b)  the  development  of  a  technique  of  stress-relieval 
by  cold  work  in  compression  has  resulted  in  new  tempers  (TX52) 
for  many  of  the  alloys;  and  (c)  there  have  been  some  significant 
problems  related  to  the  fracture  and  stress-corrosion  character¬ 
istics  of  forged  parts. 

Accordingly,  the  properties  of  some  2  through  6- in. 
thick  stress-relieved  2014- T652,  2024-T852,  7075- TO52  and 
7079- T652  aluminum  alloy  hand  forgings  hsve  been  determined  in 
this  investigation.  The  data  were  obtained  to  establish  design 
mechanical  properties  for  use  in  MHrHD0K-5A(5)»  including 
typical  and  minimum  stress-strain  and  compressive  tangent- 
modulus  curves.  In  addition,  data  concerning  the  fracture 
toughness,  axial-stress  fatigue,  stress- corrosion,  exfoliation 
and  fatigue-crack  propagation  characteristics  of  a  selected 
number  of  the  hand  forgings  have  been  obtained. 
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SECTION  II 


MATERIAL 


A  total  of  forty  2014- T652,  2024-T852,  7075-17352  and 
7079-T652  hand  forgings  were  produced  by  the  Cleveland  Works  of 
Alooa  for  this  investigation.  Each  of  the  forgings  was  fabri¬ 
cated  independently  to  represent  an  individual  lot  of  material. 

Hie  identity,  size  and  chemical  composition  of  the 
individual  hand  forgings  together  with  the  respective  specified 
composition  limits  are  shown  in  Table  I. 

These  forgings  represent  the  range  of  sizes  usually 
encountered  in  commercial  production  with  regard  to  thickness 
and  vldth/thlckness  ratio.  The  thicknesses  ranged  from  2 
through  6  in,,  the  widths  from  5  through  24  in.,  and  the  width/ 
thickness  ratios  from  1  through  4. 

The  chemical  compositions  of  the  forgings  ere  within 
the  applicable  limits  specified  in  Federal  Specification 
QQ-A-^t/g.  Military  Specification  MIL-A-22771C  and  "Aluminum 
Standards  and  Date1',  The  Aluminum  Association(6) . 

The  samples  were  solution  heat  treated,  cold  worked 
and  artificially  aged  in  accordance  with  Military  Specification 
MHr-H-6o88D  and  the  recommendations  given  in  "Aluminum  Standards 
and  Data "(6).  The  7075-17352  samples  were  stress-relieved  and 
aged  to  meet  the  requirements  of  paragraph  4.10  of  Federal 
Specification  QQ-A-367g  and  Paragraph  4.b.5.1  of  MLlitary 
Specification  MIL-A-22771C. 
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SECTION  III 
PROCEDURE 

A.  Mechanical  Properties 
A.l,  Tensile,  Compressive,  Shear  and  Bearing 

The  specimens  and  test  procedures  were,  in  general, 
in  accordance  with  ASTM  methods,  and  the  same  as  those  used  in 
previous  investigations  of  plate  and  extrusions (1-4) .  These 
methods  are  essentially  in  agreement  with  Federal  Test  Method 
151(7). 


The  tests  were  conducted  with  the  smallest  suitable 
load  ranges  of  an  Amsler  20,000-lb  (Type  IOSZBDA58),  an  Olsen 
Electomatic  30, 000- lb,  or  a  Southwark- Tste -Emery  50,000-lb 
capacity  Universal  Testing  Machine.  The  machines  were  cali¬ 
brated  prior  to  and  during  the  investigation;  the  accuracy  of 
each  was  within  that  required  by  ASTM(8)  and  Federal  Specifica¬ 
tions. 


Single  specimens  were  tested  except  in  a  few  instances 
where  a  review  of  the  date  indicated  that  check  tests  were 
needed . 


All  specimens  were  taken  30  that  the  test  sections 
were  within  the  center  third  of  the  cross-section  of  the  forging 
as  illustrated  in  Fig.  1.  Tensile,  compressive  and  shear  tests 
were  made  of  specimens  taken  in  the  longitudinal,  long- transverse 
and  short-transverse  directions;  beering  tests  were  made  of 
longitudinal  and  long- transverse  edgewise  specimens. 

The  nominal  dimensions  of  the  specimens  are  shown  in 
Figs.  2,  3  ana  4. 

Tensile  tests  were  made  in  accordance  with  ASTM 
Methods  E8(9)  with  1/2-in.  diameter  tapered- seat  specimens 
except  where  it  was  necessary  (in  the  short -transverse  direc¬ 
tion)  to  use  subsize  round  specimens  (Fig.  2). 

The  compressive  tests  were  made  in  accordance  with 
ASTM  Methods  E9(10)  using  n  subpre3s  (Fig.  3  of  ASTM  Methods  E9). 
The  specimens  were  cylindrical,  1/2  in.  in  diameter  x  1-7/8  in. 
long,  with  e  slenderness  ratio  U/r)  of  15  (Fig.  2). 

Tensile  and  compressive  yield  stresses  were  determined 
from  autographic  load-strain  diagrams  at  0,2  per  cent  offset. 
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Tests  to  determine  the  ultimate  shear  stress  were  made 
using  3/8- in.  diameter  specimens  (Fig.  2)  taken  from  the  same 
locations  as  the  tensile  specimens,  except  that  tests  of  short- 
transverse  specimens  were  made  only  on  forgings  3  in.  or  more  in 
thickness.  All  te3ts  were  made  with  a  relatively  rigid  double¬ 
shear  tool,  wherein  a  1-in,  length  is  sheared  from  a  3- in.  long 
specimen,  the  end  thirds  being  supported  throughout  their 
lengths.  In  the  tests  of  longitudinal  and  long-transverse 
specimens,  the  loads  were  applied  in  the  direction  normal  to 
the  major  surface  of  the  forging;  in  the  tests  of  short- 
transverse  specimens,  the  loads  were  applied  in  the  direction 
parallel  to  the  major  axis  of  the  forging (11). 

The  bearing  tests  were  made  in  accordance  with  ASTM 
Method  E238(12).  using  longitudinal  and  long-transverse  edgewise 
specimens,  0.094  in.  thick  >:  1-1/2  in.  wide,  with  a  0. 375-in. 
diameter  hole  (Fig.  3).  The  specimens  and  test  fixtures  were 
cleaned  ultrasonically  in  a  suitable  nontoxic  solvent  prior  to 
testing.  The  bearing  ultimate  stresses  and  yield  stresses  were 
determined  at  edge  distances  of  1.5  and  2.0  times  the  pin 
diameter.  Ihe  bearing  yield  stress  was  determined  as  the  stress 
at  a  permanent  deformation  of  2  per  cent  of  the  pin  diameter  as 
indicated  on  autographic  load-deforaeiion  diagrams. 


Tensile  and  compressive  stress-strain  tests,  inc?.ualng 
modulus  determinations,  were  made  of  longitudinal,  long- 
transverse  and  short-transverse  specimens  taken  from  a  selected 
number  of  the  samples.  The  tests  were  conducted  in  accordance 
with  ASTM  Method  Elli(i3)  with  uniform-reduced- section  specimens 
(Fig.  4).  In  all  tests,  the  strains  were  measured  over  a  2- in. 
gage  length  with  two  Tuckermsn  optical  strain  gages  positioned 
diametrically  opposite  on  the  specimen.  A  calibration  made  of 


the  instruments 


pi  •l.'w'  4.  V  V 


tost-"  indie  steel. 


that  they  meet  the  ASTM  requirements  of  a  Class  A  extonsometer 
(14).  Ihe  values  of  moduli  of  elasticity  were  aeterniined  by 
the  strain-deviation  method  described  in  ASTM  Method  Eill(l3). 
Based  on  these  selected  tests,  representative  typical  and 
minimum  tensile  and  compressive  stress-strain  curves  and  com¬ 


pressive  tangent -modulus  curves  were  developed  using  the 
procedures  outlined  in  Sections  3.2.3,  3.2.5  and  3.2.6  of 
Technical  Report  AFML-TR-66-386(15) . 


Fracture  Toughness 


Fracture  toughness  tests  were  mads  of  8  selected 
number  of  the  ssmples  using  fat.igue-cracked  notch-bend  specimens 
of  the  types  shown  in  Fig.  5;  in  each  case,  the  largest  possib'Je 
size  of  specimen  was  used.  The  dimensions  of  the  sDecimens  and 
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the  test  procedures  were  essentially  in  accordance  with  the  ASTM 
Proposed  Method  of  Test  For  Plane- Strain  Fracture  Toughness  of 
Metallic  Materials (16) . 

Tests  were  made  of  triplicate  longitudinal  (LW),  long- 
transverse  (WL)  and  short-transverse  (TL)  specimens  from  each  of 
the  selected  samples, *  In  the  tests  of  the  6x24-in.  7075-17352 
forging  (Sample  No.  341036)  in  the  TL  direction,  the  largest 
notch-bend  specimen  that  could  be  obtained  from  the  sample  was 
not  of  sufficient  thickness  to  develop  a  valid  test;  therefore, 
compact  tension  fracture -toughness  specimens  of  the  type  shown 
in  Fig.  6  were  also  used.  These  tests  were  made  in  accordance 
with  the  ASTM  Method  for  Plane  Strain  Fracture  Toughness  Testing 
of  Metallic  Materials (16) . 

The  notch-bend  specimens  (Fig.  5)  were  fatigue-cracked 
by  cantilever  bending  (R=*-1.0)  in  a  Sonntcg  SF-4  machine  at 
3650  cpm;  the  setup  is  shown  in  Fig.  7.  The  compact  tension 
specimens  (Fig.  6)  were  fatigue-cracked  by  axial  loading 
(R=»+0.1)  in  Krouse  fatigue  machines  at  1750  cpm. 

The  setups  used  for  making  the  fracture-toughness 
tests  of  the  notch-bend  and  compact  tension  specimens  are  shown 
in  Figs.  8  and  9.  respectively.  Tne  tests  were  made  in  a 
30  000- lb  capacity  Olser.  screw-driven  testing  machine,  and 
load  versus  crack  opening- displacement  (COD)  curves  were 
obtained  eutographically  with  a  Mcsiey  X-Y  plotter.  For  each 
test,  a  candidate  value  of  the  critical  plane-strain  stress 
intensity  factor,  ii. ,  was  calculated  using  the  load  at  which 
there  was  a  crack  extension  of  about  2  per  cent  of  the  original 
crack  length,  as  indicated  on  the  autographic  load-displacement 
curve.  This  load  was  determined  by  applying  the  appropriate 
secant  offset  of  5  per  cent  for  both  the  notch-bend  and  compact 
tension  testst  to  the  autographic  curves. 

The  Kq  values  were  considered  to  be  meaningful  values 
of  Kjc»  if  they  met  the  following  criteria: 

a.  Tne  thickness  end  crack  length  of  the  specimen 
were  large  with  respect  to  the  sloe  of  tne  plastic  zone  at  the 


*  A  two- letter  system  ia  used  to  describe  the  orientation  of 
the  fracture- toughness  specimens:  the  first  letter  indicates 
the  direction  of  a  line  normal  to  the  crack  plane  8nd  the 
second  loiter  indicates  the  direction  of  crack  growth, 

L  -  Length  of  forging;  W  -  Width  of  forging;  T  -  Thickness  of 
forging. 

t  Recent  action  of  ASTK  Committee  E24  has  made  the  secant  offset 
for  compact  tension  specimens  5  per  cent  instead  of  4  per  cent 
as  shown  in  Ref.  16. 
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crack  tip.  This  requirement  was  considered  to  have  been  met  if 
the  thickness  and  crack  length  of  the  test  specimen  were  equal 
to  or  greater  than  2.5  times  the  ratio  (Kg/Gys)  • 

b.  West  of  the  deviation  from  linearity  in  the  load- 
displacement  curve  prior  to  the  secant-offset  intersection  was 
caused  by  crack  extension,  rather  than  plastic  deformation  of 
the  specimen.  This  requirement  was  considered  to  have  been  met 
if  the  horizontal  displacement  of  the  load-displacement  curve 
from  the  Initial  slope  at  the  load  equal  to  80  per  cent  of  the 
load  at  the  secant  offset  intercept  was  not  more  than  1/4  of 
the  displacement  at  the  secant  offset  intercept . 

c.  The  fatigue-crack  front  was  sufficiently  extended 
from  the  machined  notch,  and  was  not  excessively  curved  or  out 
of  plane. 


d.  The  specimen  was  fatigue  cracked  at  a  stress 
intensity  which  was  less  than  half  of  the  calculated  Kq  value, 
or  0.0012Vln.  times  Young's  modulus  for  the  material,  whichever 
was  smaller.* 

In  some  Instances,  Kq  values  were  interpreted  to  be 
meaningful  values  of  Ktc  if  the"  criteria  a,  c  and  d*  were 
exceeded  by  only  a  slight  margin,  as  noted  in  Table  XXII. 


A. 5.  Axial- Stress  Fatigue 

Axial-stress  fatigue  tests  were  made  on  smooth 
specimens  of  the  type  shown  in  Fig.  10.  Three  long- transverse 
specimens  were  tested  from  each  of  severe!  selected  samples. 
They  were  tested  at  tnree  stress  levels  (R=0.0)  in  Krouse 
fatigue  machines  operating  at  1725  cpm. 


B.  Corrosion  Characteristics 


A  complete  outline  of  the  corrosion  tests  is  given  in 

Table  XXV. 


B.l.  Stress- Corrosion  Cracking  (SCO 
Five  hand  forgings  of  each  alloy  and  temper  were  stress- 


*  Recent  action  of  ASTM  Committee  E24  has  moved  the  limit  on 
stress  intensity  for  fatigue  cracking  to  60  per  cent  of  Kic, 
although  this  is  not  yet  published  in  ASTM  Standards. 


corrosion  tested.  All  were  tested  in  the  short -transverse 
direction,  and  the  2,  4  and  6-in.  thick  forgings  were  also 
tested  in  the  longitudinal  and  long-transverse  directions 
relative  to  the  grain  flow.  Tensile  specimens,  0.437  in.  in 
diameter  (Pig.  23 )»  were  employed  for  the  longitudinal  and 
long-transverse  test  directions,  and  tensile  specimens,  0.125 
in.  in  diameter  (Figs.  24  and  25),  were  used  to  test  the  short- 
transverse  direction.  The  test  specimens  were  confined  to  a 
2-in.  thick  x  6-3/8-in.  wide  block  centered  on  the  midplane 
(T/2)  and  on  the  center-line  (W/2)  of  the  forging.  Inspection 
of  macroetched  slices  (Figs.  25-29)  indicated  that  this  loca¬ 
tion  would  provide  specimens  with  the  desired  orientation 
relative  to  the  grain  flow  pattern. 

The  tensile  specimens  were  stressed  in  "constant 
strain"  type  fixtures  (Figs.  23  and  30)  by  means  of  loading 
devices  of  the  type  shown  in  Fig.  31.  During  exposure,  the 
ends  of  the  specimen  and  the  stressing  frames  were  protected  by 
means  of  an  appropriate  coating  so  that  only  the  test  section 
of  the  specimen  was  exposed. 

Stressed  and  unstressed  specimens  were  exposed  to  the 
3.5#  NaCI  alternate- immersion  test.  The  sodium  chloride 
solution  was  made  with  salt  of  99.7-per  cent  purity  and  New 
Kensington  tap  water.  Tap  water  was  used  because  large  volumes 
of  water  wore  required  and  because  New  Kensington  tap  water  is 
essentially  free  of  heavy  metals.  Water  lost  by  evaporation 
was  replaced  by  additions  of  tap  water,  and  the  salt  concentra¬ 
tion  was  regularly  checked  and  adjusted  as  necessary.  The 
solution  was  changed  monthly  and  at  each  change  the  specimens 
were  cleaned  by  spraying  with  tap  water. 

The  alternate-immersion  cycle  consisted  of  total 
immersion  of  specimens  for  10  minutes  and  aeration  above  the 
solution  for  50  minutes.  This  cycle  was  continued  24  hours  a 
day  for  the  entire  test  period.  The  test  equipment  (Fig.  32) 
consists  of  large  stationery  painted  aluminum  alloy  tanks  with 
the  specimens  supported  on  en  open  aluminum  alloy  (606I-T6) 
framework  that  is  raised  and  lowered  to  provide  the  alternate- 
immersion  cycle. 

Ihe  alternate-immersion  test  was  conducted  in  a  large 
laboratory  room  at  ambient  temperature  and  humidity.  Both  the 
air  temperature  and  solution  temperature  were  subject  to 
seasonal  variation,  and  ambient  conditions  had  the  typical 
ranges  shown  below. 
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May  to  September:  air  temperature . 68  to  90  F 

solution  temperature  .  ,  .  64  to  72  F 
relative  humidity . 35  to  70# 

October  to  April :  air  temperature . 62  to  78  F 

solution  temperature  .  .  .  58  to  08  F 
relative  humidity . 25  to  60# 


Msasurements  have  shown  that  the  temperature  of  the 
test  specimens  themselves  remain  within  2  to  3  degrees  of  the 
solution  temperature  throughout  the  drying  cycle. 

All  specimens  that  failed  during  exposure  were 
inspected  visually,  and  representative  failures  were  examined 
microscopically  to  verify  that  stress-corrosion  cracking  (SCC) 
was  the  cause  of  failure.  In  addition,  the  tensile  specimens 
that  did  not  fail  during  exposure  were  tension  tested  to 
determine  the  change  in  ultimate  tensile  strength  caused  by 
corrosion.  For  comparison,  control  specimens  that  had  been 
concurrently  exposed  without  stress  were  alBo  tested. 

Many  years  of  experience  at  Alcoa  Research  Laborator¬ 
ies  in  stress-corrosion  testing  various  products  made  of  the 
alloys  included  in  this  program  have  shown  that  the  3*5#  NaCI 
alternate-immersion  test  relates  very  well  to  seacoast  atmos¬ 
pheric  exposures (17 ) .  That  is,  test  specimens  stressed  to 
various  levels  at  which  SCC  occurs  in  the  alternate-immersion 
test  also  will  fall  when  exposed  to  a  seacoast  atmosphere,  and 
test  specimens  that  are  resistant  to  SCC  in  the  alternate- 
immersion  test  will  be  resistant  in  both  seacoast  and  industrial 
atmospheres,  also,  a  partial  exception  to  the  latter  exists 
with  7079  alloy  which,  at  low  stress  levels,  has  a  higher 
probability  of  SCC  in  the  atmosphere  than  in  the  3*5#  NaCl 
alternate-immersion  test(l8). 


B.2.  Exfoliation 


Because  exfoliation  of  aluminum  alloy  forgings  is 
relatively  infrequent  in  service,  exfoliation  tests  were 
restricted  to  only  two  sizes  (2x8  in.  and  6x24  in. )  of  forgings 
of  each  alloy. 

Two  panels,  4x6  in.  in  size,  were  machined  from  each 
forging.  One  panel  was  machined  so  as  to  place  the  test 
surface  at  10  per  cent  of  the  forging  thickness  to  rt  present 
parts  which  would  receive  slight  machining,  and  the  second 
panel  was  machined  to  mid-thickness  (T/2  plane),  to  simulate 
extensively  machined  material. 
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The  test  panels  were  exposed  at  a  45  degree  angle  to 
an  acidified  salt  spray  in  a  cabinet  designed  to  meet  the 
requirements  of  ASTM  ffethod  B287-68  for  aoidified  salt  spray 
tests (19).  The  test  conditions  were  the  same  as  those  required 
by  ASTM  except  for  the  following  variations  which  develop  more 
severe  exfoliation  attack  than  the  standard  ASTM  test  1 

(1)  Operating  temperature  was  120  F,  rather  than  95  F. 

(2)  Specimens  were  intermittently  sprayed  in  6-hr 
repetitive  cycles,  consisting  of  3/4-hr  spray  time,  2  hours  of 
dry-air  purge,  3-1/4  hours  at  100-per  cent  relative  humidity. 

The  specimens  were  inspected  daily,  and  at  the 
termination  of  the  twc-week  exposure  period,  the  panels  were 
chemically  cleaned  and  visually  examined  for  evidence  of 
exfoliation  attack.  Previous  testing  experience  has  shown  that 
test  results  from  this  accelerated  test  can  be  correlated  with 
exposure  tests  in  a  seacoast  atmosphere (20) . 


Fa t lgue- Crack- Pr opaga t ion  Test s 


These  tests  were  performed  only  on  forgings  of 
6x24-in.  cross  section.  Table  XXXI  gives  the  schedule  of  the 
tests,  with  pertinent  information  regarding  type  of  notch, 
specimen  proportions  and  orientation  within  the  forging,  test 
environment  end  the  stress  conditions  under  which  cracks  were 
propagated. 


In  previous  tests  of  this  kind  on  thick  plate  and 
extrusions  (2,3  end  21),  extensive  use  was  made  of  the  mild 
notch  crack  starter  shown  in  Fig.  41.  Because  of  the  eccentric 
cracking  often  obtained,  however,  it  was  decided  that  a  sharper 
notch  should  be  tried.  Details  of  e  "sharp"  notch  are  shown 
in  Figs.  43  end  and  44  for  24-ln.  and  6-in.  long  specimens. 
Comparative  tests  of  the  two  notch  designs  in  the  2014-T652 
forging  showed  that  crack  initiation  and  propagation  with  the 
sharp  notch  was  still  not  as  uniform  as  desired.  Accordingly, 
the  511  ox  notch  shown  in  Fig.  45  was  adopted  for  the  remainder 
of  the  program.  With  this  design  it  was  necessary  to  propagate 
a  fatigue  crack  from  the  0.2-in.  initial  notch  width  to  a  total 
of  0.5  in.,  where  measurements  of  creck-propegatlon  rates  were 
begun.  Crack  initiation  was  produced  by  cycling  the  specimens 
to  a  maximum  gross  tensile  stress  of  12,5  ksi.  The  machine  load 
was  then  adjusted,  as  scheduled,  to  the  test  stress  and  the 
cracking  continued  to  produce  a  0.5- in.  notch  length. 

In  a  few  tests,  limited  to  the  2014-1*652  forging,  the 
maximum  stress  in  the  test  cycle  was  increased,  or  decreased, 
after  the  total  length  of  notch  plus  crack  reached  1.0  in. 


The  majority  of  teats  vere  made  in  laboratory  air 
having  a  wide  range  of  relative  humidity.  Ihe  humidity  was 
monitored  during  each  test  and  the  range  of  values  recorded. 

In  a  few  tests  made  in  a  controlled  atmospheric  environment, 
the  specimens  vere  enclosed  in  the  container  shown  in  Fig.  46. 
Dry  air,  having  a  relative  humidity  of  10%,  was  obtained  by 
use  of  a  dessicant.  High  relative  humidity,  above  90%,  was 
obtained  by  having  a  small  water  reservoir  within  the  specimen 
enclosure.  Salt  fog  was  obtained  by  spraying  a  35%  NaCI  sea¬ 
water  solution  into  the  container  at  15-minute  intervals.  Ihe 
humidity  was  maintained  at  a  high  levex  by  means  of  salt 
water  in  the  reservoir. 

Crack-propagation  characteristics  were  investigated 
in  the  three  principal  directions  of  the  7075-17352  and 
7079-l'S52  forgings.  Also,  specimens  were  taken  from  one 
skewed  direction  to  provide  a  condition  of  grain  runout.  It 
was  assumed,  on  the  basis  of  the  comparative  tests  of  6-in. 
and  24-in.  long  sharp-notched  specimens,  taken  from  the  same 
direction  in  the  20l4-T652  forging,  that  specimen  length  was 
not  a  significant  factor  in  evaluating  directional  effects. 

The  fatigue -crack- propagation  tests  were  made  in 
machines  of  50, 000- lb  capacity.  Pictures  of  these,  with  some 
of  the  fixtures  used,  are  shown  in  Figs.  47  and  48. 

Crack  propagation  was  deduced  from  lengths  measured 
at  the  surfaces  of  the  specimen  with  a  magnifying  glass  and 
scale,  the  latter  graduated  in  0.01  in.  More  precise  measure¬ 
ments  did  not  seem  Justified  because  the  cracks  tended  to  propa¬ 
gate  on  a  convex  front. 
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SECTION  IV 


RESULTS  OF  TESTS 


The  results  of  the  Individual  tensile,  compressive, 
shear  and  bearing  tests,  the  ratios  among  certain  properties, 
the  statistical  analysis  of  these  ratios,  and  the  computed 
design  values  are  presented  in  Tables  II  through  XIX.  The 
results  of  the  stress-strain  and  modulus  of  elasticity  tests 
are  shown  in  Tables  XX  end  XXI  and  in  the  stress- strain  and 
compressive  tangent-modulus  curves  in  Figs.  11  through  18. 

The  results  of  the  fracture-toughness  tests  are  shown 
in  Tables  XXII  and  XXIII.  The  results  of  the  axial-stress 
fatigue  te3ts  are  shown  in  Table  XXIV  and  in  Figs.  19  through 
22. 


The  results  of  the  stress-corrosion  tests  are  shown 
in  Tables  XXVI  through  XXX. 

The  results  of  the  fatigue-crack  propagation  test3 
are  presented  in  Figs.  49  to  109 .  For  each  condition  studied, 
two  plots  are  presented :  the  first  is  a  plot  of  the  crack- 
propagation  deta  and  the  second  is  a  plot  of  the  fatigue-crack 
growth  rate  versus  u,  K,  the  range  of  stress-intensity  factor 
for  the  same  deta.  The  crack-growth  rates,  ££*,  were  determined 
by  computer  from  the  slopes  of  the  crack-  dN  propagation 
curves.  The  actual  crack -propagation  data  for  each  specimen  are 
given  in  the  Appendix.  Figs.  110  and  111  shew  a  comparison  of 
the  crack-growth  rates  of  these  alloys  end  with  those  previously 
determined  for  thick  specimens  of  plate  end  extrusions (2,3  and  21). 


*  a  ■  1/2  total  crack  length  (notch  length  plus  fatigue  cracks); 
N  =»  number  of  cycles 
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SECTION  V 

DISCUSSION  OF  RESULTS 


A,  Mechanical  Properties 
A.l.  Tensile,  Compressive ,  Shear  and  Bearing 


The  results  of  the  tensile,  compressive,  shear  and 
hearing  tests  of  the  individual  samples  of  2  to  6- in.  thick 
2014-Tb52,  2024-T852,  7075-17552  and  7079-1652  hand  foi  r.g3 
are  summarized  in  Tables  II  through  V.  The  tensile  pro^jrties 
of  each  sample  meet  the  applicable  minimum- property  requirements 
shown  in  Table  VI. 

The  ratios  among  the  properties  determined  for  the 
individual  samples  are  summarized  in  Table  VII.  The  statistical 
analyses  of  the  ratio  data  were  made  in  c  'coraance  with  the 
procedures  outlined  in  Mil -Handbook- 5  Guidelines  for  Presenta¬ 
tion  of  Data (15). 

A  regression  analysis  of  each  group  of  ratios  was 
made  to  determine  whether  the  data  showed  a  significant 
correlation  with  thickness,  '■•.hen  a  significant  correlation  with 
thickness  was  indicated,  values  of  minimum- ratios,  were 
selected  which  correspond  with  the  lower  limit  of  the  confidence 
band  around  the  regression  line  at  the  mean  of  each  respective 
thickness  range.  When  no  correlation  was  shown,  a  single 
minimum  value  of  "R^was  selected  for  all  thicknesses.  These 
values  of  minimum  b  were  used  for  deterroinlng  derived  design 
values  for  the  respective  thickness  ranges. 

The  distribution  of  the  ratios,  and  the  values  for 
the  various  terms  in  the  statistical  analyses,  are  shown  in 
Tables  VIII  to  XI.  Of  the  ratios  involving  compressive  yield 
stresses,  only  those  for  2024- T852  in  the  longitudinal  and 
long-transverse  directions  show  a  correlation  with  thickness. 
There  is  no  correlation  with  thickness  indicated  in  the  ratios 
involving  shear  and  bearing  stresses  for  any  of  the  alloys 
investigated. 

Since  the  sheer  and  bearing  tests  were  made  with 
specimens  taken  in  two  or  three  directions  (L,  LT  end  ST), 
Student's  "t"  test  and  "f"  test  were  applied  to  the  ratios  for 
each  direction  to  determine  if  there  were  'Significant  differ¬ 
ences  In  the  average  ratios  or  in  the  variability  for  the 
different  directions.  Where  none  was  indicated,  the  ratios  for 
the  different  directions  were  combined  for  computation  of  the 
minimum  ratios  to  be  used;  where  there  was  a  significant 
difference,  the  meat  conservative  value  was  used. 
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The  ratio  values  used  in  computing  the  design  values 
from  the  specified  tensile  properties  of  the  respective  thick¬ 
ness  ranges  of  each  alloy  are  summarized  in  Tables  XII  to  XV. 

The  corresponding  computed  design  values  for  each  of  the  alloys 
are  summarized  in  Tables  XVT  to  XIX;  also  shown  are  the  differ¬ 
ences  between  these  values  and  the  corresponding  values 
presently  in  MIL-HDBK-5A. 

In  preparing  the  design  tables  for  2014- T652,  7075“ 
T7352  and  7079- T652,  the  respective  tens lie- property  values  in 
Federal  Specification  Q^-A-3o7g  and  Military  Specification 
MIL-2277IC,  as  shown  in  Table  VI,  were  used  as  be sis -property 
"S"  values.  The  tentative  values  for  2024-T852  were  based  on 
the  tensile  data  determined  in  this  investigation  and  Alcoa 
production  data.  The  basis -property  values  and  the  ratios 
shown  in  Tables  XII  to  XV,  were  used  in  computing  the  remaining 
design  values. 

As  shown  in  Tables  XVI  and  XIX,  the  derived  design 
values  of  compressive,  shear  and  bearing  properties  for  2014- 
T6p2  and  7079- T652  hand  forgings  differ  slightly  from  the  values 
now  published  in  MEL-HDRK-5A.  For  2014-T652,  the  computed 
derived  values  of  FCy  (LT)  are  1  ksi  higher;  the  F3U  and  Fbru 
values,  2-3  ksi  lover;  the  Fbry  values  for  e/D=CL.5  are  1-2  ksi 
lower  and  for  e/D=2.0,  1  ksi  lower  to  1  ksi  higher.  For 
7079-T652,  the  computed  derived  values  for  FCy  (L)  are  2  ksi 
lower  and  those  of  F3U  are  the  same  or  1  ksi  lower.  The 
slightly  lower  values  of  shesr  stresses  developed  In  this  con¬ 
tract  may  be  partially  explained  by  the  fact  that  the  loads  in 
the  shear  tests  were  applied  normal  to  the  major  surface  of  the 
hand  forgings,  whereas  in  previous  tests,  the  loading  direction 
was  not  controlled (li ) .  No  design  values  are  presently  shown 
for  2024- T852  and  7C75-T7352  hand  forgings  in  MHrHDBK-5A. 

The  results  of  the  individual  tensile  and  compressive 
stress-strain  tests  and  the  modulus  of  elasticity  tests  are 
summarized  in  Table  XX;  the  average  modulus  values  are  shown  in 
Table  XXI. 

In  the  modulus  tests,  none  of  the  alloys  investigated 
showed  any  significant  difference  in  modulus  values  that  might 
be  readily  associated  with  thickness  of  sample  or  the  specimen 
direction  (L,  LT  or  ST) .  The  modulus  of  elasticity  of  each 
alloy  is  indicated  to  be  three  or  four  per  cent  higher  in 
compression  than  in  tension. 

The  average  moduli  for  the  two  alloys  of  each  series 
(2000  and  7000)  were  nearly  equal;  average  tensile  and  compres¬ 
sive  modulus  values  for  the  two  series  are : 


Modulus,  psl 


Alloy 
Series  Tension 

2000  10  500  000 

7000  10  000  000 


Compression 
10  800  000 
10  400  000 


The  average  modulus  values  shown  above  for  the  2000 
alloy  series  (2014  and  2024)  are  the  same  for  tension  and  1  per 
cent  higher  for  compression  than  the  applicable  values  now  shown 
in  MIL-HDBK-5A,  whereas  the  applicable  values  for  the  7000 
series  (7075  and  7079)  are  slightly  lover  by  5  per  cent  In 
tension  and  1  per  cent  in  compression.  These  average  values 
are  1  to  4  per  cent  lower  than  those  obtained  for  stress- 
relieved  plate  and  extrusions  in  previous  contracts,  Technical 
Reports  AFML- TDR- 64-105,  May  1964,  and  AFML- TR- 68- 34,  February 
1968,  respectively (1  and  4).  The  modulus  values  determined  for 
the  hand  forgings  are  shown  in  Tables  XVI  to  XIX,  and  were  used 
in  preparing  the  stress-strain  and  compressive  tangent -modulus 
curves  shown  in  Fig3.  11  to  18. 

The  results  of  the  individual  stress- strain  tests 
indicated  that,  for  a  given  alloy,  temper  and  direction,  there 
was  no  apparent  trend  with  thickness  in  the  offsets  from  the 
modulus  line  at  stresses  expressed  in  per  cent  of  yield  stress. 
Typical  and  minimum  ("S"  value)  stress-strain  end  compressive 
tangent -modulus  curves  have  been  prepared  for  the  alloys  in 
thickness  ranges  as  shown  in  Figs,  11  to  18.  The  curves  were 
derived  and  presented  in  accordance  with  the  procedures  outlined 
in  MTL-HDBK-5  Guidelines  for  Presentation  of  Data  (15).  The 
tensile  yield  stresses  used  in  deriving  the  typical  stress- 
strain  curves  are  the  typical  values  indicated  in  Alcoa's  pro¬ 
duction  in  recent  years;  it  is  assumed  that  these  values  would 
be  representative  for  the  industry.  The  compressive  yield 
stresses  were  based  on  the  average  ratios  shown  in  Tables  XII 
to  XV.  For  the  minimum  stress-strain  curves,  the  tensile  and 
compressive  yield  stress  values  shown  for  the  appropriate 
thickness  range  in  Thbles  XVI  to  XIX  were  used. 


A. 2,  Fracture  Toughness 

The  results  of  the  individual  fracture  toughness 
tests  are  shown  in  Table  XXII.  Although  some  of  the  values  are 
not  strictly  valid  by  all  of  the  criteria  of  the  ASTM  Recommend¬ 
ed  Method  of  Test  for  Plane-Strain  Fracture  Toughness  of 
Metallic  Materials (16),  most  of  the  calculated  Kq  values  are 
considered  to  be  meaningful  values  of  Kjc  since  certain 
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criteria  were  exceeded  only  by  a  small  amount,  as  indicated  in 
the  table.  With  but  two  exceptions,  meaningful  values  were 
obtained  for  all  of  the  contract  materials  in  the  ctfferent 
directions.  The  data  indicate  that  the  fracture  toughness  of 
each  alloy  is  greater  in  the  longitudinal  (IW)  direction  than  in 
the  long-transverse  (WL)  direction  and  least  in  the  short - 
transverse  (TL)  direction. 

The  meaningful  values  of  Kjc  from  Table  XXII  are 
summarized  in  TBble  XXIII.  The  fracture  toughness  values 
determined  for  2014-1652,  2024-1652  and  7079- T652  indicate  no 
definite  trend  with  thickness,  however,  the  values  for  7075- 
17352,  in  each  direction,  show  a  tendency  to  Increase  with 
Increased  thickness. 

AI30  included  for  comparison  are  the  average  fracture 
toughness  values  determined  for  soma  extrusions  (TX510  tempers) 
in  a  previous  contract (4).  In  most  instances,  the  respective 
average  values  shown  for  the  hand  forgings  and  the  extrusions 
are  in  good  agreement;  there  are  large  differences  (in  excess 
of  10  per  cent)  between  the  long- transverse  values  for  alloys 
.2014  and  7079 >  with  the  hand  forgings  having  the  lower  values. 

It  is  pointed  out,  however,  that  the  values  shown  for  the  2014 
and  7079  extrusions  are  based  on  duplicate  tests  of  only  one 
sample  of  material,  whereas  the  values  for  the  2024  and  7075 
extrusions  are  based  on  tests  of  4  to  6  samples. 


A. 3.  Axial- Stress  Fatigue 

Ihe  results  of  the  axial- stress  fatigue  tests  (R«0.0) 
of  long-transverse  specimen*:  from  the  2,  4,  5  and  6-in.  thick 
forgings  are  shown  in  TBble  XXIV  and  in  Figs.  19  to  22.  Log- 
mean  fatigue  life  values  for  two  of  the  three  preselected 
stress  levels,  at  which  the  respective  slloys  were  tested,  are 
shown  in  the  table;  the  curves  have  been  drawn  through  these 
points  and  extended  to  indicate  the  trend  of  the  date.  Log- 
mean  lives  could  not  be  calculated  for  the  lowest  stress  because, 
for  each  alloy,  at  least  one  specimen  did  not  fail  within  the 
number  of  cycles  allotted  to  the  test. 

The  test  results  for  all  four  alloys  indicate  that 
there  may  be  a  correlation  between  the  fatigue  life  and  thick¬ 
ness  of  the  hand-forging  sample;  in  most  of  the  tests,  at  all 
three  stress  levels,  fatigue  life  decreased  with  increase  in 
forging  thickness. 

To  allow  comparison,  the  fatigue  curves  determined 
for  plate  and  extrusions  in  previous  investigations  (2,3,4)  are 
also  plotted  in  Figs.  19  to  22.  In  general,  the  log-mean 
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Alloy 
Series 

2000  10  500  000  10  800  000 

7000  10  000  000  10  400  000 


The  average  modulus  values  shovm  above  for  the  2000 
alloy  series  (2014  and  2024)  are  the  same  for  tension  and  1  per 
cent  higher  for  compression  than  the  applicable  values  now  shown 
in  MIL-HDBR-5A,  whereas  the  applicable"  values  for  the  7000 
series  (7075  and  7079)  are  slightly  lower  by  3  per  cent  in 
tension  and  1  per  cent  in  compression.  These  average  values 
are  1  to  4  per  cent  lover  than  those  obtained  for  stress- 
relieved  plate  and  extrusions  in  previous  contracts,  '.technical 
Reports  AFML-TDR-64-105,  May  1964,  and  AFML-TR-68-34,  February 
196S,  respectively (1  and  4).  The  modulus  values  determined  for 
the  hand  forgings  are  shown  in  Tables  XVI  to  XIX,  and  were  used 
in  preparing  the  stress-strain  and  compressive  tangent-modulus 
curves  shown  In  Figs,  11  to  18. 

The  results  of  the  individual  stress-strain  tests 
indicated  that,  for  a  given  alloy,  temper  and  direction,  there 
was  no  apparent  trend  with  thickness  In  the  offsets  from  the 
modulus  line  at  stresses  expressed  in  per  cent  of  yield  stress. 
Typical  and  minimum  ("3"  value)  stress-strain  end.  compressive 
tangent-modulus  curves  have  been  prepared  for  the  alloys  in 
thickness  ranges  as  shown  in  Figs,  11  to  18.  The  curves  were 
derived  and  presented  in  accordance  with  the  procedures  outlined 
in  MIL-HD3K-5  Guidelines  for  Presentation  of  Dsta(15).  The 
tensile  yield  stresses  used  In  deriving  the  typical  stress- 
strain  curve:  are  the  typical  values  indicated  in  Alcoa's  pro¬ 
duction  in  recent  years;  it  is  assumed  that  these  values  would 
be  representative  for  the  industry.  The  compressive  yield 
stresses  were  based  on  the  average  ratioo  shown  in  Tables  XII 
to  X/.  For  the  minimum  stress-strain  curves,  the  tensile  and 
compressive  yield  stress  values  shown  for  the  appropriate 
thickness  range  in  Tables  >3/1  to  XIX  were  used. 


A . 2 .  Fracture  Toughness 

The  results  of  the  individual  fracture  toughness 
tests  ere  shown  In  Table  XXII.  Although  some  of  the  values  are 
not  strictly  valdd  by  all  cf  the  criteria  of  the  ASTM  Recommend¬ 
ed  Ms t hod  of  Tterw  for  Flane-dtrain  Fracture  Toughness  of 
Metallic  Materials (16) ,  -oat  of  the  calculated  Kq  values  are 
considered  to  be  meaningful  values  of  Kic  since  certain 
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criteria  were  exceeded  only  by  a  small  amount,  as  indicated  in 
.the  table.  With  but  two  exceptions,  meaningful  Kjq  values  were 
obtained  for  all  of  the  contract  materials  in  the  different 
directions,  The  data  indicate  that  the  fracture  toughness  of 
each  alloy  is  greater  in  the  longitudinal  (LW)  direction  than  in 
the  long-transveroe  (WL)  direction  and  least  in  the  short- 
transverse  (TL)  direction. 

The  meaningful  values  of  Kjc  from  Table  XXII  are 
summarized  in  Table  XXIII.  Ihe  fracture  toughness  values 
determined  for  2014-T652,  2024- T832  and  7079-1652  indicate  no 
definite  trend  with  thickness,  however,  the  values  for  7075- 
T7352,  in  each  direction,  show  a  tendency  to  increase  with 
increased  thickness. 

AI30  included  for  comparison  are  the  average  fracture 
toughness  values  determined  for  some  extrusions  (TX310  tempers) 
in  a  previous  contract (4).  In  most  instances,  the  respective 
average  values  shown  for  the  hand  forgings  and  the  extrusions 
are  in  good  agreement;  there  are  large  differences  (in  excess 
of  10  per  cent)  between  the  long-transverse  values  for  alloys 
2014  and  7079*  with  the  hand  forgings  having  the  lower  values. 

It  is  pointed  out,  however,  that  the  values  shown  for  the  2014 
and  7079  extrusions  are  based  on  duplicate  tests  of  only  one 
sample  of  material,  whereas  the  values  for  the  2024  and  7075 
extrusions  are  based  on  tests  of  4  to  6  samples. 


A. 3.  Axial-Stress  Fatigue 

The  results  of  the  axial-stress  fatigue  tests  (R=O.0) 
of  long-transverse  specimens  from  the  2,  4.  5  and  6- in.  thick 
forgings  are  shown  in  Table  XXIV  and  in  Figs.  19  to  22.  Log- 
mean  fatigue  life  values  for  two  of  the  three  preselected 
stress  levels,  at  which  the  respective  alloys  were  tested,  ere 
shown  in  the  table;  the  curves  have  been  drawn  through  these 
points  and  extended  to  indicate  the  trend  of  the  dat8 .  Log- 
mean  lives  could  not  be  calculated  for  the  lowest  stress  because, 
for  each  alloy,  at  least  one  specimen  did  not  fail  within  the 
number  of  cycles  allotted  to  the  test. 

The  tost  results  for  all  four  alloys  indicate  that 
there  may  be  a  correlation  between  the  fatigue  life  and  thick¬ 
ness  of  the  hand-forging  sample;  in  most  of  the  tests,  at  all 
three  stress  levels,  fatigue  life  decreased  with  increase  in 
forging  thickness. 

To  allow  comparison,  the  fatigue  curves  determined 
for  plate  and  extrusions  in  previous  investigations  (2,3,4)  are 
also  plotted  in  Figs.  19  to  22.  In  general,  the  log- mean 
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fatigue  values  of  the  hand  forgings  are  about  the  same  or 
slightly  higher  than  those  of  the  extrusions,  and  somewhat 
lover  than  those  of  plate  of  the  corresponding  alloy  and 
temper.  However,  at  the  lover  stress  level,  the  fatigue  lire 
for  2024- T052  hand  forgings  is  indicated  to  be  substantially 
greater  than  those  of  both  2024-1651  plate  and  2O24-T051X 
extrusions . 


B.  Corrosion  Characteristics 


B.l.  Resistance  to  Stress  Corrosion  Cracking  (SCC) 


The  data  obtained  from  tests  of  longitudinal  **r» ; 
long-trans verse  0.437- in.  diameter  tensile  specimens  are  given 
in  T&bles  XXVI  and  XXVII,  and  similar  data  from  tests  of  snort  - 
transverse  0.125- in.  diameter  tensile  specimens  are  given  in 
Tables  XXVIII  and  XXIX.  Supplemental  test  data  (retests)  for 
selected  forgings  are  given  in  Table  XXX. 

A  high  resistance  to  stress-corrosion  cracking  v'*s 
exhibited  by  longitudinal  specimens  from  e*>ch  of  the  forgings 
tested.  Long-transverse  specimens  from  the  2024- T652  end 
7075-17352  alloy  forgings  were  also  highly  resistant  to  SCC. 
but  long-transverse  specimens  from  the  201’‘-Ib5«2  and  /  1 

were  generally  susceptible  (Figs.  33-36)  at  stresses  equal  t> 
75#  of  yield  strength.  These  results  generally  are  in  good 
agreement  with  existing  stres3-corrosion  guidelines  for  these 
forged  products. 

That 3  of  the  short- transverse  specimens  snowed  good 
agreement  with  expected  performance  of  the  various  alloys "and 
tempers;  i.e.,  the  7075-17352  specimens,  in  general,  were? 
highly  resistant  to  stress-corrosion  cracking,  the  .’024-7^2 
specimens  shoved  some  susceptibility  at  high  stresses  only,  anc 
the  2014- 1652  and  7079-1652  specimens  were  susceptible  nt 
relatively  low  levels  of  stress.  Some  nontypicni  behavior  was 
observed,  however,  end  limited  supplemental  testing  was  con¬ 
ducted  to  check  the  initial  results. 

The  performance  of  short-transverse  specimens  from 
the  2,  3  and  5-in.  thick  2014-T652  and  7079-1652  alloy  forgings 
was  better  than  that  previously  observed  with  forgings  of  these 
alloys,  but  was  within  the  sphere  of  existing  data  for  those 
materials.  Rste3ts  with  specimens  from  the  2-in.  thick 
forgings  showed  these  alloys  to  be  susceptible  to  SCC  at  a 
stress  of  22.5  ksi,  while  neither  alloy  had  failed  at  that, 
stress  during  initial  testing.  The  2014-165?  specimens  also 
failed  at  a  stress  of  15  ksi  during  these  retests.  The  retest 
data  better  typify  the  expected  performance  of  these  forgings. 
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In  comparing  the  initial  and  supplementary  test 
results  ('Jhble  XXX)  for  the  2-in.  thick  2014-1652  and  7079- T652 
forgings,  it  vas  observed  that  the  two  tests  had  been  conducted 
during  different  seasons  of  the  year.  Hie  initial  tests  were 
conducted  during  the  winter  months  (November  -  February),  and 
the  retests  during  the  summer  months  (July  -  October).  The  data 
strongly  suggest  that  tests  conducted  under  ambient  conditions 
can  be  significantly  influenced  by  seasonal  variations. 

Failures  were  encountered  at  75^  YS  of  short- 
transverse  specimens  from  the  3  and  4-in.  thick  7075-17352 
forging3.  For  the  4-in.  thick  7075-17352  forging,  1  of  3 
specimens  failed  after  an  exposure  of  64  days;  however,  metal- 
lographic  examination  revealed  that  the  failure  vas  not  typical 
of  stress-corrosion  cracking  (Figs.  37  end  38).  Hiree  specimens 
from  the  3-in.  thick  forging  failed  after  only  8  days  exposure, 
and  microscopic  examination  showed  the  failures  to  be  typical 
of  stress-corrosion  cracking  (Figs.  39  and  40).  Although 
Federal  Specification  QQ-A-367g  does  not  list  stress-corrosion  ■ 
cracking  criteria  for  7075- 17352  alloy  forgings,  t-hs  new 
edition  of  MIL-A-22771C  does  require  that  the  criteria  specified 
for  7075- T73  forgings  also  be  applied  to  forgings  in  the  T7352 
temper.  'Ihese  criteria  3tece  that  short -transverse  specimens 
stressed  at  75  per  cent  of  the  minimum  longitudinal  yield 
strength  shall  satisfactorily  complete  s  30-day  exposure  in  the 
3.5$  NaCi  alternate  immersion.  On  tne  basis  of  the  strengths 
listed  in  "Aluminum  Standards  and  Data",  April,  1968,  the  test 
stress  for  a  3-in.  thick  forging  would  be  39. 7  ksi.  Hence,  the 
3-in.  thick  hand  forging  aid  not  fulfill  the  stress-corrosion 
cracking  requirements  of  the  Military  Specification  MIL-A- 
22771C.  'The  forging,  therefore,  cannot  be  considered  to 
represent  the  77 352  temper  from  the  standpoint  of  corrosion 
resistance.  This  is  surprising  because  tne  forging  met  the 
electrical  conductivity  -  yield  strength  criterion,  though  in 
borderline  fashion,  for  adequate  resistance  to  stress-corrosion 
cracking . 


3.2.  Resistance  to  Exfoliation 


?,To  exfoliation  was  detected  on  the  panels  exposed  to 
the  ecidifiea  intermittent  sproy  regardless  of  alloy,  and  no 
significant  differences  were  observed  between  specimens  from 
different  regions  (T/10,  T/2)  relative  to  the  forging  thickness. 
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C.  Fatigue- Crack  Propagation 
C.l.  Tests  of  2014-T652  Hand  Fbrglng 


Bis  2014-1652  specimens  were  selected  to  investigate, 
for  one  orientation  in  the  forging,  the  effects  of  (1)  notch 
shape,  (2)  specimen  length  and  (3;  change  of  load  on  crack- 
propagation  rates.  These  results  are  presented  in  Figs.  49 
to  67.  Although  the  sharp  notches  produced  somewhat  more 
symmetrical  cracking  than  the  mild  notches,  the  crack-grovth 
rates  vere  not  significantly  different. 

The  results  for  this  alloy  show  0  surprisingly  large 
amount  of  scatter,  which  may  have  obscured  the  effects  of  some 
of  the  test  variables.  Ihe  fracture  surfaces  of  the  mild- 
notched  specimens,  7  and  10,  which  showed  a  large  difference 
in  crack-grovth  rate,  were  visibly  different,  ns  were  those  of 
the  adjacent  sharp-notched  specimens,  8  and  11.  Cross  sections 
near  the  fracture  surfaces  of  specimens  7  and  10  are  shown  in 
Fig.  57;  Specimen  7  shows  a  directional  or  fibrous-type  fracture 
whereas  specimen  10,  which  had  a  higher  crack-propagation  rate, 
shows  a  coarse,  nonfibrous  fracture.  These  specimens  wore  taken 
from  the  same  central  portion  of  the  forging  cross  section  at 
locations  only  3  in.  apart. 

The  results  for  specimens  of  6- In.  end  24- in.  lengths 
do  not  shov  consistent  differences  in  crack-grovth  rates  for  the 
loadings  investigated.  Thus,  it  appears  that  variations  in 
specimen  length  do  not  have  to  bo  taken  into  account  in  evaluating 
crack- propagation  behavior. 

Rates  of  crack  propagation  were  influenced,  cf  course, 
by  the  loadings  applied.  Increasing  or  decreasing  the  lead  after 
reaching  a  total  crack  length  of  1.0  In.,  however,  had  no  apparent 
effect  on  growth  rates  at  the  new  loads.  That  is,  propagation  at 
low  stresses  did  not  influence  subsequent  rates  at  Higher  stresses, 
and  vice  versa. 

One  variable  listed  In  Figs.  49  r,0  67,  referred  to 
above,  is  the  range  of  relative  humidity  existing  in  the  laboratory 
during  the  tests.  These  generally  ranged  from  5  to  -j0  per  cent. 
Although  it  appears  in  somo  cases  that  rate  of  cracking  increased 
with  increasing  humidity,  all  results  are  not  consistent  in  this 
respect . 

C.2.  Tests  of  2Q24-T&52  hand  rbrging 

Tteots  of  this  alloy  were  limited  to  specimens  of  one 
orientation  at  three  different  stress  levels.  Itesults  are 
presented  in  Figs.  68  and  69.  In  contrast  to  the  results  shown 
for  the  2014-T652  forging,  the  crack-propagation  data  for 
duplicate  specimens  at  any  one  stress  are  quite  consistent. 
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TVHft  is  attributed  in  pert  to  the  use  or  the  Elox  notch.  Fig« 
691  shows  excellent  correlation  between  J'j^satlon  rates  for 

stress  levels  of  8.2  ksi  and  12.5  *^s  iAteSitv 

show  a  higher  rate  of  propagation  for  the  same  stress-intensity 

factors . 

fl/s.  Tests  of  7075-17352  and  7079-1652  Forgings 

Crack-propagation  was  investigated  in  seven  1 

in  these  forgings,  at  one  to  three  stress  levels* ed^n  Figs  70 
ent  controlled  environments.  Results  are  presented  in  rigs.  ( 

to  109- 

For  both  alloys,  there  was  fairly  good  agreement  be¬ 
tween  crack-growth  rates  at  the  different  stress  levels.  Alloy 
7075-T7552  was  generally  more  resistant  to  crack  P^°P^8®^on 
than  7070-7652.  Short -transverse  specimens  in  both  alloys 
c^kId7L^  rapidly  than  those  from  the  other  orientations, 
propagation  in  the  face  specimens  tended  to  be  slightly  faster 
than  In  the  edge  specimens. 

Environment  was  shown  to  nave  a  significant  effect  on 
crack-growth  rates.  Both  alloys  cracked  more  rapidly  In  the 
high  humidity  tests,  but  7079-^652  w?3  a^ fee tec  more  than 
7075-17352.  The  salt  fog  was  slightly  more  damaging  than  h-^gh 
humidity . 

Figures  10b  to  109  show  that  the  rate  of  cycling  did 
not  appreciably  affect  the  rate  of  fatigue-crack  propagation  of 
7075-17352  and  7079-1652  LT(E)  specimens  in  the  salt-fog 
atmosphere. 


C.4.  Comparison  of  Alloys 


Figure  110  compares  the  average  ersek-progetion  rates 
for  long- transverse  edgewise  specimens  of  the  four  alloys.  At 
the  lower  stress  intensities,  the  propagation  was  slowest  for 
aiiov  2014-7652  but  at  the  highest  stress  intensities  propaga¬ 
tion1  was  fastest  for  this  alloy.  Some  of  this  difference  is  due 
to  the  greater  eccentricity  of  crocking  in  the  20ia-7652  speci¬ 
mens  For  these  long- transverse  specimens,  propagation  for 
alloy  2024-T852  was  consistently  slower  than  for  alloys  7075- 
TV3F2  and  7079-7652.  This  is  contrary  to  the  findings  of  Ref.  5 
which  rated  7075-TT351  plate  above  2024-7851  piste  from  the 
standpoint  of  resistance  to  fatigue-crack  propagation. 


“Figure  Hi  compares  the  propagation  rates  for  longi¬ 
tudinal  specimens  of  several  7075-773XX  end  7079-TSXX  products. 
The  data  are  consitent  in  showing  ;  0 1 5— T73XX  to  "nave  •o^er 
propagation  rates  than  alloy  7079-76XX.  The  agreement  between 
the*  rates  for  the  various  7075-T73XX  products  is  better  than 
that  shown  for  7079- T6XX  products. 
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SECTION  VI 

SUMMARY  AND  CONCLUSIONS 


Based  on  the  results  of  tests  of  commercially- 
produced  hand  forgings  that  met  the  requirements  for  composi¬ 
tion  and  tensile  properties  in  applicable  Federal  and  Military 
specifications,  the  following  conclusions  seem  warranted  con¬ 
cerning  the  mechanical  properties,  including  fracture  toughness 
and  fatigue  strengths,  resistance  to  stress-corrosion  and 
exfoliation  and  fatigue-crack  propagation  rates  of  stress- 
relieved  2014- T652,  2024- T852,  7075-17352  and  7079- T652  hand 
f orging3 : 

1.  Ratios  among  the  tensile,  compressive,  shear  and 
bearing  properties  are  shown  in  Table  VII. 

2.  For  2014-T652,  7075-17352  and  7079- T652,  these 
ratios  among  properties  do  not  indicate  a  significant  variation 
with  thickness. 

3.  For  2024- T052,  only  the  ratios  Involving  longi¬ 
tudinal  and  long-transverse  compressive  yield  stresses  show  a 
correlation  with  thickness;  the  ratios  decrease  with  Increase 
of  thickness. 

4.  Ratios  used  in  computing  the  design  mechanical 
properties  are  as  shown  in  Tables  XII  to  XV.  The  ratios  are 
applicable  for  computing  properties  in  the  L,  LT  end  ST  direc¬ 
tions  and  for  thicknesses  ranging  up  through  6  in. 

5.  Computed  design  mechanical  properties  for  the 
respective  alloys  are  as  shown  in  Tables  XVI  to  XIX,  These 
values  for  2014- T652  and  7079- T552  are  no  more  than  1  ksi 
higher  or  3  ksi  lower  then  the  respective  values  now  published 
in  MIL-HDBK-5A.  No  values  ere  published  in  MIL-HD3K-5A  for 
2024-T852  or  7075-17352  hand  forgings. 

6.  Tie  modulus  of  elasticity  of  each  alloy  is  3  or 
per  cent  higher  in  compression  than  in  tension.  The  values  for 
the  alloys  in  the  respective  2000  and  7000  series  are  approxi¬ 
mately  the  same  regardless  of  test  direction  (L,  LT  and  ST), 
sample  thickness  and  temper, 

■( .  The  average  modulus  values,  for  all  directions, 

are : 
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Modulus,  psl 


Alloy 

Series 

2000 

7000 


Tension 
10  500  000 
10  000  000 


Compression 
10  800  000 
10  400  000 


8.  Typical  and  minimum  ("S"  value)  stress-strain  and 
compressive  tangent-modulus  curves  are  shovn  in  Pigs.  11  to  18. 

9.  The  average  values  of  plane- strain  stress- 
intensity  factor,  Kjc  (pslVinT),  at  5-per  cent  secant  offset 
are.  as  follows : 


Alloy  and  Long- 

Tenrper  Longitudinal  (LV)  Transverse  (VL) 


Short- 

Transverse(ST) 


2014-T552  28  800 
2024-1652  26  500 
7075**  17552  54  000 
7079- Tb52  27  600 


21  600 
18  4 00 
25  900 
25  COO 


20  500 
15  900 
20  800 
18  100 


10.  The  results  of  the  axial-stress  fatigue  tests 
(R=0.0)  are  plotted  in  Figs.  19  to  2?.  For  2014-T652,  7075- 
T7552  and  7079-1652,  the  log-mean  fatigue  lives  of  the  respec¬ 
tive  hand  forging  alloys  are  about  the  seme  or  slightly  higher 
than  those  of  extrusions,  and  slightly  lover  then  those  of 
plate  of  corresponding  alloys  and  tempers  tested  in  previous 
investigations.  For  2024-TQ52  hand  forgings,  the  log-mean 
fatigue  lives  at  the  higher  stresses  are  about  the  same  as 
those  of  both  2024-T851  plate  and  2Q24-T851X  extrusions;  at  the 
lover  stress  level,  tne  fatigue  life  Is  substantially  greater 
than  those  of  the  plate  and  extrusions . 


11.  All  forgings  vere  resistant  to  stress -corrosion 
cracking  when  longitudinally  stressed  tc  '.'5#  of  longitudinal 
yield  strength.  Long- transverse  specimens  stressed  to  75*  of 
long-transverse  yield  strength  also  vers  resistant  in  the  case 
of  2024- T852  and  7075-175^2  but  vere  generally  susceptible  in 
the  case  of  2014-1652  and  7072“ 1652;  long-transverse  specimens 
of  2014- T6  and.  7079-16  vere  resistant  at  stresses  of  50#  YS. 


12.  The  resistance  to  stress -corrosion  cracking  of 
short-transverse  specimens  ranged  widely  vith  the  allov  anc. 
temper:  7075-17552  vas  resistant  at  75#  YS  (except  for  the 
nontypical  5- in.  thick  forging);  2024-T852  vas  susceptible  at 


Best  Available  Copy 


75#  YS,  but  generally  resistant  at  50#  YS; 
T$52  were  generally  susceptible  at  15  ksi 
YS). 


7079- T652  and  2014- 
(approximately  25# 


13.  There  was  no  indication  that  the  resistance  to 
SCO  of  any  of  the  alloys  was  influenced  by  forging  section 
thickness . 


14.  All  alloys  and  tempers  demonstrated  a  high 
resistance  to  exfoliation  corrosion. 

15.  The  most  consistent  fatigue-crack  growth  rates 
were  obtained  in  the  tests  of  specimens  having  the  Elox  crack 
starter  (Fig.  45). 

16.  Short-transverse  specimens  shewed  somewhat  higher 
crack-growth  rates  than  specimens  from  other  directions  in  the 
forgings . 


17.  Tests  in  a  high  humidity  produced  higher  crack- 
growth  rates  than  i.est3  in  dry  air.  A  ssit-fog  environment  was 
slightly  more  damaging  than  high  humidity. 

18.  At  the  ’  ver  stress  intensities,  the  tests  would 
rate  these  forging  eliuys  in  the  following  decreasing  order  of 
resistance  to  fatigue-crack  propagation: 

2014-T652 
2022-T852 
7075-17352 
7079- T652 

However,  at  the  high  stress  Intensities,  propagation  was  fastest 
for  alloy  2014-T652. 

19.  The  crack-growth  rates  for  the  7075-17352  forging 
were  consistent  with  those  obtained  in  previous  tests  for 
7075-17351  plate  snd  7075-173510  extrusions. 


NOTE:  Test  Sections  of  All 
5pcclmens  Were  Within 
Center  Tnird  of  Width 
and  Thickness  (cross- 
hatched  area). 


Fig.  1  Loestinn  of  Test  Sections  of  Specimens  In 
Cross-Section  of  Hand  Forgings. 
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Round  Compr esslve  Spe c ime n 


Fig.  2 


Shear  Specimen 


General  Dimensions  of  Tensile,  Compressive  and 
Sheer  Specimens 
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Me-  6  COMPACT  TENSION  FRACTURE  TOUGHNESS  SPECIMEN 
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Cantilever  Beam  Setup  for  Fatigue  Cracking 
Notch-Bend  Fracture  Toughness  Specimens 


Fig. 


il 

for 


Typical  St.rese-otroin  and  Compressive 
2014- To52  Aluminum  Alloy  find  Forgings 


Tangent- f>bd  ulus 
,  2,001-3. 000  in 


Curves 
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Stress,  1000  psl 


;  — L  *  r  -vpn f5S  I CN 
T !  'ON  '  I  '  :  | 

.  ' .  I . I  • 


1.1  -  LONf.  -R*N'VLll‘.C  .  ' 
ST  -  SHORT  TRtN^Vtrs1  I  ’ 

■  i  -I !  i  - 


2  4  6  5  10 

Strain,  0.001  in. /in. 
'IPngcnt  Modulus,  1CP  psi 


r  .  |  Pi  !‘;  • 

i:  !  :  i  i  .  !  ;i  i  :i 

12  14““ 


]8  Minimum  ("0"  Value)  .Stress- Strain  nnd  Compressive 
ibngenu- Modulus  Curves  for  7079- T5b2  Aluminum  Allov 
Ifend  forcings,  3.001-J|.o0o  in. 


ALCOA  RESEARCH  LABORATORIES 


120  000 


n 


Fig.  24.  0.1?5- inch  Diameter  Tensile 

For  Stress- Corrosion  Tests. 


Specimen 
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test  specimens 


Figure  29  Macroetched  half  of  transverse  section  of  6  x  2k- in.  hand  forging  of  201^-1*652 

alloy.  Grain  pattern  In  the  other  half  of  the  transverse  section  vas  symmetrical 
to  that  shown  above.  Superimposed  on  the  photograph  Is  a  schematic  diagram 
of  the  location  of  stress -corrosion  test  specimens. 


Mag:  1/2X 

FIG.  30  SHOWS  THE  1/8-IN.  DIAMETER  TENSILE  SPECIMEN,  THE  VARIOUS  PARTS 
OF  THE  STRESSING  FRAME  AND  THE  FINAL  STRESSED  ASSEMBLY. 


Mag:  V5X 


FIG.  31  SYNCHRONOUS  LOADING  DEVICE  USED  TO  STRESS  SPECIMENS,  A 

STRESSED  ASSEMBLY  AND  ONE  ASSEMBLED  FINGER-TIGHT  READY  FOR 
STRESSING  ARE  SHOWN  TO  THE  LEFT.  BOTH  THE  STRESSING  FRAME  AND 
THE  LOADING  DEVICE  WERE  DEVELOPED  BY  THE  ALCOA  RESEARCH 
LABORATORIES.  PRIOR  TO  THIS  CONTRACT 


Fig.  32  Equipment  for  Alternate  isnerslon  Corrosion  Itesta 


S.No.  341007- T4  Etch:  Keller's  Jfeg.  100X 

FIG  33  Section  Illustrating  an  Auxiliary  Crack  in 
Long- Transverse  Specimen  from  .'-in.  ihlck 
2014- T652  Forging  which  Failed  at  a  Stress 
Equal  to  75%  Y.S. 
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S.No.  341007- T4  Etch:  Keller's  Ifeg.  500X 

fig.  34  Illustrates  the  Intergranular  Character  of  the 
Crack  Shown  Above,  Indicating  that  Failure  was 
Result  of  Stress- Corrosion  Cracking. 


S.  No.  341040-T4  Etch:  Keller's  Mag.  100X 

Figure  35  Section  illustrating  an  auxiliary  crack  in  long- 
transverse  specimen  from  4  in.  thick  7079-T652 
forging  which  failed  at  a  stress  equal  to  lb%  Y.S 


S.  No.  341040-T4  Etch:  Keller’s  Mag.  500X 

Figure  36  Illustrates  the  intergranular  character  of  the 
crack  shown  above,  indicating  that  failure  was 
result  of  stress-corrosion  cracking. 


£i 

ki 
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Figure  37  Section  illustrating  fine  crack  emanating  from 
the  base  of  a  corrosion  pit  in  specimens  from 
4  in.  thick  7Q75-T7352  forging  which  failed  at 
a  stress  equal  to  7$#  Y.S. 


S.  No.  341030-N3  Etch;  Keller’s  Mag.  500X 

Figure  38  Illustrates  the  transgranular  character  of  the 
crack  shown  above,  indicating  that  fracture  was 
due  to  tensile  overload  resulting  from  severe 
localized  corrosion. 
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FIG. 


S.No.  341028- N3  Etch:  Keller's  Meg.  100X 

39  Section  Illustrating  Pine  Auxiliary  Oracle  in 
Specimen  from  3- in.  Thick  7075 -17352  Forging 
Which  Failed  at  a  Stress  Equal  to  75£  Y.3. 


S.No.  341028- N3  Etch:  Keller's  Mag.  500X 

40  Illustrate  the  Intergranular  Character  of  the 
Crack  Shown  Above,  Indicating  That  Failure  Wes 
the  Result  of  Stress -Corrosion  Cracking. 
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Longitudinau 


Fig.  42  Orientations  of  FctJguo -Crook  Propagation  Specimens 


Center -Notched  Fatigue  Specimen 
(SHARP  NOTCH) 
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CRACK  PROPAGATION  OR  7079-1652 
POO  ATMOSPHERE 


4*/IX ,  fttleiM  cr»i'k  jrovtn  r»w,  clerj  '.n./crel# 
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CTCCHimON  AND  CHFWCAL  CCMPCSITCOBS  CT  S’TW'SI-W.LJV'VML'  AUm»M  ALLOT  RAJO  fCNOINO® 

(F33615-68-C-1385) 


Alloy 
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MECHANICAL  PROPERTIES  OF  STRESS-RELIEVED  20H.-T652  ALUMINUM  ALLOY  HAND  FORGINGS 

(F33615— 66-C-1385) 
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*  SPEC  I  MENS  AND  FIXTURES  CLEANED  ULTRASON ICALLT 

5Lt  longitudinal:  lt.  long  transverse;  $t*  short  transverse 
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MECHANICAL  PROPERTIES  OF  STRESS-REl IEV£D  7079-T6S2  ALUMINUM  ALLOT  HAND  FORGINGS 

<F1361 5-68-C-l 385  > 


I  I 
;  1 


;  I 

l 


C  1 
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•  4-  AG* 
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OFFSET  EOUALS  0.2  PER  CENT 

OFFSET  EOUALS  2  PER  CENT  OF  PIN  OIA^ETER 

SPECIMENS  ano  fixtures  CLEANED  ultrasonicallt 

L .  LONOITUOINAL;  LT.  LONG  TRANSVERSE;  ST,  SHORT  TRANSVERSE 


SPECIFIED  MINIMUM  VALUES  POR  STOSS-RELIEVED  ALUMINUM  A  I.  LOY  HAND  FORGINGS1' 

(H33615-68-C-1385) 
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TABLE  XII 

INQ  DESIGN  MECHANICAL  PROPERTIES 
iIEVED  2014-T652  HAND  FORGINGS 


Thickness  . 

in. 

Ratio 

<2.000 

2.001- 

3.000 

3.001- 

4.000 

4.001- 

5.000 

5.001- 

6.000 

Fcy(L)/Kty(I,) 

j  1.011 

1.011 

1.011 

1.011 

1.011 

F„„U,T)/F,.„(I,T) 
cy  i,y 

1.035 

1.035 

1.035 

1.035 

1.035 

Fcy(ST)/Fty(ST) 

1.111 

1.111 

1.111 

1.111 

1.111 

Fsu/Ftu<LT> 

0.586 

0.566 

0.586 

0.586 

0.586 

Fbru/Ftu(LT) 
e/D  -  1.5 
e/D  -  2.0 

1.357 

1.768 

1.357 

1.768 

1.357 

1.768 

1.357 

1.768 

1.357 

1.76B 

Fbry/Fty(LT) 
e/D  -  1.5 
e/D  •  2.0 

1.382 

1.621 

1.182 

1.621 

1.382 

1.621 

1.382 

1.621 

1.382 

1.621 

TAE 

RATIOS  FOR  COMPUTING  D 
OF  STRESS-RELIEVED 


Ratios 

<2.000 

VL,/VL) 

1.066 

VLT>/Fty<LT> 

1.121 

Fcv^ST)/Fty(ST) 

1.118 

Fsu/Ftu(LT> 

0.551 

Fbru/?WLT) 
e/D  =1.5 
e/D  =  2 . C 

1.290 

1.705 

Fbry/Fty(LT) 
e/D  =  1.5 
e/D  »  2.0 

1.372 

1.625 

>LE  XIII 

ESIGN  MECHANICAL  PROPERTIES 
2024-T852  HAND  FORGINGS 


Thickness  , 

in . 

2.001- 

3.000 

3-001- 

4.000 

“4. 601-  ' 
5.000 

TTooi- 

6.000 

1.0S2 

1.038 

1.024 

1.010 

1.093 

1  >066 

1.039 

1.011 

1.118 

1.118 

1.118 

1.118 

0.551 

0.551 

0.551 

0.551 

1.290 

1.705 

1.290 

1.705 

1.290 

1.705 

1.290 

1.705 

1.372 

1.625 

1.372 

1.625 

1.372 

1.625 

1.372 

1.625 
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TA3LE  XIV 


RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PROPERTIES 
OF  STRESS-RELIEVED  7075-T7352  HAND  FORGINGS 


Thickness,  In. 


Ratio 

1 - 

<2.900 

2.001- 

3.000 

—  v  »  —  -  y. 

3.001- 

9.000 

9.001- 

5.000 

5.001- 

6,000 

Pcy(L)/Fty(L) 

0.938 

0.988 

0.988 

0.988 

0.988 

VLT)/VLT) 

1.036 

1.036 

1.036 

1.036 

1.036 

Fcy(ST)/Fty(ST) 

•1.109 

1.109 

1.109 

1.109 

1.109 

Psu/Ftu<LT> 

0.597 

G.597 

0.597 

0.597 

0.597 

Fbru/Ftu(LT) 
e/D* i . 5 
e/D=2 . 0 

1.955 

1 . 898 

1.955 

1.898 

1.955 

1.89s 

1.955 

1.898 

I.955 

I.898 

Pbr/VLT) 

e/D=i . 5 
e/D=2 . 0 

1.501 

1.699 

1.501 

1.69.9 

1.501 

1.699 

1.501 

1.699 

1.501 

1.699 

TABLE  XV 


RATIOS  FOR  COMPUTING  DESIGN  MECHANICAL  PROPERTIES 
OF  STRESS-RELIEVED  7079-T652  HAND  FORGINGS 


Ratio 


Thickness,  In, 


2.001-  3.001-  4.001-  5.001- 

<2.000  3-000  4.000  5.000  6.000 


FCy(L)/Fty(L) 

Fcy(LT)/Fty(LT) 
F  (ST)/F.  ..(ST) 

‘WPtu(LT) 

?bru/Ftu(i'T) 
e/D  *  1.5 
e/D  *  2.0 

F.  /F„  ( LT 
bry  ty v 

e/D  =  1.5 
o/n  =  o  o 


1.017  1.017 

1.075  1.075 

•1.138  1.138 

0.601  0.601 


1.439 

1.909 


1.439 

1.90S 


1.435 


1.435 

X  710  1  710 


1.017 

1.075 

1.138 

0.601 


1.439 

1.909 


1.435 

1  7U1 


I  .017 
1.075 
1.138 
0.601 


1.439 

1.909 


1.485 

1  710 


1.017 

1.075 

1.138 

0.601 


1.439 

1-909 


1.485 

1  710 


Note;  Numbers  In  parenthesis  are  dlfferenc.es  from  values  In  ML-HPBK-SA,  February  IQfift,  J  j 

•  No  values  shown  In  MII/-HDBK- 5A,  February  1966  j 

t  Mulmum  croea-aect '.onal  area  of  256  sq  In.  !  *  < 

:  I 


•  •  mix*  us-  - 


TAD  Us  XVIII 

COMPUTED  DSSION  MECHANICAL  PROPERTIES*  OF  7075-T7352  ALUMINUM  ALLOY  HAND  FORCINGS 


E,  106,pal 
Ec,  1q6  pal 
0,  10fc  pal 


Alloy  . 

...  .  .  _  _ •"•75 

Form . 

Condition  . 

Thickneae.  In . 

III!  Ml 

■Miaianxai 

■tK&Ns.Kam 

6.001-6.000 

KHB 

■MHi 

■■■MM! 

Mechanical  Properties : 

i 

1 

Ftu,  kal 

66 

1 

66  1 

64 

62 

61 

LT . 

64 

64  j 

63 

6i 

6') 

ST . 

>ty.  *«i 

LT . 

" 

61  ! 

61 

88 

37 

'  <? 

54 

62 

66 

60 

61 

48 

UQ 

nfS 

ST . 

■ 

50 

48 

46 

44 

F~„,  kal 

t 

C?L . 

53 

64 

52 

50 

Up 

LT . 

62 

60 

US 

ST . 

35 

53 

51 

49 

F, qyj#  kal 

38  ; 

38 

37 

1 

36  I 

i 

89  1 

35 

86 

e/TWl.5 . 

93 

93 

92 

e/I«.0 . 

121 

121 

119 

116 

112 

. 

e/D-2. 0 . 

<Xr< 

CD  CD 

g 

8 

i 

ll 

69 

78 

e,  jjer  cent : 

7 

i  v 

'T 

6 

LT . 

It 

4 

1  3 

3 

3 

ST . 

- 

3 

1 _ J _ 

2 

2 

10.0 

10.4 

3.8 


i  ; 


*  iil  values  In  MIL-HDBX-sA,  February  J 
t  Maximum  croaa-seo-lonal  area  of  2s6  sq  In. 


!  *i 

*  .  3 
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TABLE  XIX 


COMPUTED  DESIGN  MECHANICAL  PROPERTIES  OF  7079- 1652  ALUMINUM  ALLOY  HAND  FORGINGS 


Note:  Numbers  in  parenthesis  aro  differences  from  values  in  MUr-HDBK-SA,  February  1966, 

*  No  values  shown  in  MEL-HD3K-5A,  February  1966 
t  ffeLxlmuai  cross-sectional  area  of  296  sq  in. 
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RESULTS  OF  LONG -TRANSVERSE  AXIAL-STRESS  FATIGUE  TESTS 
OF  STRESS-RELIEVED  ALUMINUM  ALLOY  HA.ND  FORGINGS  (R=0.0) 
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*  Specimen  did  not  fail . 
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SCHEDULE  OP  FATIGUE-CRACK-PROPAGATION  TESTS 
HAHO  FORGINGS  OP  6x2*-IH.  CROSS  SECTION 
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Environments  described  as  Dry,  Humid  and  Salt-fog,  ware  achieved  within  the  specimen  enclosure  shown  In  Fig.  *6 
See  text  for  details. 

Ratio  of  minimum  to  n-ixl.ftn  gross  stress,  R,  In  test  cycle  *  1/ 3 • 

Stress  changed  (increased  or  decrease!)  rhen  crack  length  plus  notch  width  totaled  1  in. 

Most  tests  were  made  in  duplicate;  a  few  in  triplicate. 
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Note? : 

Cycles  -  Number  of  cycles  of  crack  propagation, 
fatigue  Crack  Length  -  measured  on  specimen  surface. 

Total  Notch  Length  -  0.20-in.  long  crack  starter  plus  fatlc-j™  cracks. 
Per  cent  Cracked  -  total  notch  length  expressed  as  a  per  cent  of  gross 
T  -  specimen  thickness.  In. 
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'■  'me  tensile,  compressive,  shear,  oearlng,  f  r  a  c t uro - t  ougnne 0 3 ,  I 

axial-stress  fatigue,  resistance  to  stress-corrosion  cracking  and  \ 

fatigue-crack  propagation  rates  have  been  determined  for  a  total  of  40  I 
lots  of  20i4-lb52,  2024-1852,  7075-17352  and  7079- 1652  stress-relieved  j 
aluminum  alloy  hand  forgings  ranging  in  thickness  from  2  through  6  in.  I 
Tables  of  computed  design  mechanical  properties  and  typical  and  min-i 
imum  stress-strain  and  compressive  tangent-modulus  curves  were  prepared.  ‘ 
j  Average  values  of  plane-strain  stress-intensity  factor,  Kjc,  at  5  j 
per  cent  secant  offset  were  determined.  j 

•  Log-mean  fatigue-life  values  were  calculated.  •  • 

-  The  forgings  of  all  four  alloys  have  a  high  resistance  to  ex folia-  ! 
jtion  and  a  high  resistance  to  stress-corrosion  cracking  when  stressed  in  t 
>the  longitudinal  direction  relative  to  the  grain  flow  pattern.  In  the  j 
j long  and  short- transverse  tost  directions,  the  resistance  to  bCC  varied  * 
1  markedly  with  respect  to  alloy  end  temper,  with  7075-17352  being  out-  ‘ 
1  standing,  2O24-T052  rating  second,  and  2014-T652  or  707Q-T652  rating  ' 
] third .  1 

I  The  rate  of  fatigue  crack  propagation  wan  found  to  vary  with  the  S 

1  seven  orientations  tested  ana  to  be  substantially  faster  in  a  humid  at-  ! 

;  mosphere  than  in  a  dry  atmosphere.  For  tests  in  a  salt  fog  atmosphere, It 
,  was  demonstrated  that  a  slower  rate  of  lending  caused  a  faster  rate  of  j 
!  propagation  per  cycle.  At  the  lover  stress  intensities  the  alloys  rate  j 
in  the  following  decreasing  order  of  resistance  to  crack  propagation: 
2014- T652,  2024-T852,  7075-17352  and  7079-1652. 


